The response modulation hypothesis of psychopathy states that psychopaths' inability to adapt their behavior to changing circumstances results from an inability to process peripheral cues in the midst of a dominant response. The current study examined this relationship between psychopathic traits and response modulation using a lexical decision stop signal task and event-related potentials to assess deficits in stimulus and error processing. Overall, the impulsive antisocial (IA) factor of psychopathy was related to poor behavioral performance, particularly in relation to response inhibition. Additionally, IA was related to reduced processing of the stop signal itself as well as subsequent inhibition errors. This deficient processing of the stop signal was found to significantly mediate the relationship among IA, behavioral performance, and the processing of inhibition errors, indicating that a deficit in processing peripheral cues may be responsible for subsequent behavioral and error processing deficits in IA.
The ability to recognize the need to change one's behavior to inhibit inappropriate responses and adapt to changing circumstances is vital for self-regulation. However, disorders of inhibition such as attention deficit/hyperactivity disorder (ADHD), conduct disorder, and antisocial behavior more generally (Newman, Schmitt, & Voss, 1997; Quay, 1988; Schachar, Tannock, & Logan, 1993; Schachar, Tannock, Marriott, & Logan, 1995; Schachar et al., 2004) have shown deficits in this ability. The ability to inhibit inappropriate responses is also related to individual differences in impulsivity more broadly (Barkley, 1997; Logan, Schachar, & Tannock, 1997; , making it important to understand the processes involved in these deficits. One constellation of these impulsive traits that may be useful in understanding the underlying processes is psychopathy.
Psychopathy is a personality disorder characterized by low anxiety, manipulativeness, and interpersonal dominance as well as impulsivity, aggression, and low constraint. These traits can be separated into two largely orthogonal factors (Benning, Patrick, Hicks, Blonigen, & Krueger, 2003) : fearless dominance (FD) and impulsive antisociality (IA).
1 FD is characterized by a lack of fear and anxiety across intrapersonal, interpersonal, and environmental stressors, whereas IA is related to aggressive, impulsive, and often criminal behaviors. One theory regarding the source of this impulsivity is a deficit in the ability to adapt behavior in response to changing circumstances or previous errors (Edens & McDermott, 2010; Howland, Kosson, Patterson, & Newman, 1993) . According to the response modulation hypothesis (RMH; , deficits in adapting to changing circumstances result from an inability to process peripheral cues signaling the need to change behavior in the midst of a dominant response. This reduced ability to shift attention to the cue leads to a subsequent failure to adapt the dominant response and has been shown using cued reaction time (RT) tasks (Howland et al., 1993) , flanker tasks (Zeier, Maxwell, & Newman, 2009) , and Stroop tasks (Vitale, Brinkley, Hiatt, & Newman, 2007) .
Additionally, disorders of behavioral inhibition such as antisocial personality disorder are related to reduced error monitoring as indicated by reduced error-related negativity (ERN) amplitude (Dimoska, Johnstone, & Barry, 2006; Hall, Bernat, & Patrick, 2007) . This failure to engage cognitive control following errors may also lead to a reduced capacity to adapt behavior accordingly (Hall et al., 2007) . Furthermore, if cues to alter behavior are not processed well, it is difficult to recognize that an error has been 1 Three-factor models (Neumann, Malterer, & Newman, 2008) and four-factor models (Neumann, Hare, & Newman, 2007; Seibert, Miller, Few, Zeichner, & Lynam, 2011) of psychopathy have also been proposed, although there is still considerable debate regarding the factor structure of various psychopathy measures as well as the construct itself (Hare & Neumann, 2010; Skeem & Cooke, 2010a , 2010b . We have elected to use the FD/IA model of psychopathy in this article because of the body of research supporting it and its ability to parse the features of psychopathy into independent components. made. Thus, reduced processing of peripheral cues signaling the need to change behavior and reduced error processing following errors may act together to influence psychopaths' reduced ability to adapt their behavior to changing circumstances.
The current study investigates the relationship between the processing of peripheral cues, stopping a prepared response, and the recognition of errors, paying particular attention to how these processes differ with respect to psychopathy. A stop signal (SS) task was chosen for this purpose because of the strong theoretical and empirical basis for its use as a measure of behavioral inhibition (Bedard et al., 2002; Lipszyc & Schachar, 2010 ). The race model (Boucher, Palmeri, Logan, & Schall, 2007; Logan & Cowan, 1984) states that activation and inhibition processes work simultaneously in the brain, competing for access to the motor cortex to initiate or inhibit an action and uses stop signal RTs (SSRTs) to assess the efficiency of the inhibition process; longer SSRTs reflect poorer inhibitory efficiency (Logan et al., 1997) .
Event-related brain potentials (ERPs) add to the information available from SSRTs by providing details about the temporal sequence of events from stimulus processing to behavioral response, and outcome monitoring. To fully dissociate these processes, one must use an ERP component that resolves prior to participants' response or their mean SSRT, such as the N1, to assess processing of the SS itself. A separate, later component such as the ERN can be used as a measure of subsequent outcome or error processing. The N1 is known to be related to auditory sensory gating and typically occurs between 50 ms and 150 ms after stimulus onset (Houston & Stanford, 2001; Lijffijt et al., 2009) , well before the average SSRTs reported in previous SS research (Avila & Parcet, 2001; Dimoska & Johnstone, 2007; Dimoska et al., 2006; Kok, Ramautar, De Ruiter, Band, & Ridderinkhof, 2004; Wodushek & Neumann, 2003) . N1 amplitude is also sensitive to attention (Näätänen & Picton, 1987) and should therefore be reduced in such individuals who are less able to process peripheral cues as those high in IA.
To address these concerns related to processing of the SS itself, we used a lexical decision stop signal task with an auditory SS. Additionally, although the implications of the SS are made explicit at the outset of the task, its rarity in relation to go stimuli and its presentation in an alternate modality allow the SS to cause a "shift of attention from the effortful organization and implementation of goal-directed behavior to its evaluation" (Newman, Schmitt, & Voss, 1997, p. 564) and therefore act as a peripheral cue to test the RMH. To examine whether go stimulus valence influenced psychopathy's relationship with stopping behavior, we used a novel lexical-decision task that included pleasant, neutral, and aversive words as well as nonwords.
Additionally, because psychopathy is related to increased alienation and lower achievement (Benning et al., 2003) , these individuals may be less motivated to perform well or provide consistent effort on laboratory tasks. However, the impact of participant engagement in relationship to psychopathy, response modulation deficits, and the ERP measures discussed here has not been directly examined. Participant motivation has also been shown to influence measures of response inhibition such as SSRT (Leotti & Wager, 2010) , suggesting that effort may influence relationships between psychopathy and the measures discussed above.
Impulsive antisociality was expected to be related to an overall impulsive response style as indicated by faster LD RTs, reduced LD and SS accuracy, and longer SSRTs. Additionally, on the basis of the RMH, participants high in IA were expected to show reduced processing of the SS, as shown by reduced N1 amplitude, and were expected to show reduced processing of errors, as indicated by reduced ERN amplitude. We also investigated the degree to which these relationships were due to differences in participant engagement. Finally, the degree to which IA is related to reduced ERN amplitude should be mediated by how well individuals processed the SS (i.e., by N1 amplitude).
Method Participants
Participants were adults screened from the Vanderbilt University emergency room (ER; N ϭ 1258) who completed the Multidimensional Personality Questionnaire-Brief Form (MPQ-BF; Patrick, Curtin, & Tellegen, 2002) while in the ER and received $5.00 for their participation. FD and IA scores were estimated from the MPQ using established regression equations (Benning et al., 2003) . Participants were oversampled from the extreme 10% of each factor's distribution to ensure an adequate representation of both high and low scores on both factors. Participants who were selected for participation in the study were contacted to be tested at a later date. FD and IA scores on the factor for which participants were not selected were free to vary. This resulted in approximately normal distributions of FD and IA scores (see Figures S1 and S2). Additionally, the FD and IA scores of participants in this sample were significantly higher than were those in the MPQ normative sample (Benning, Dowgwillo, Miller, & Storrow, 2012) .
Eighty-nine participants (44% men; 70% White, 27% Black) who met the screening criteria agreed to participate. Participants' mean age was 36 years (SD ϭ 12), their mean annual income was $25,339 (SD ϭ $35,519), and 57% reported being currently unemployed. Participants' median education level was "some college." Seven participants were excluded because of invalid MPQ profiles or because their scores at screening and test placed them in different 10% groups, indicating extreme instability in scores between administrations. An additional 4 participants were excluded because of computer malfunction. Twelve participants were excluded either because their LD accuracy was below 50% (n ϭ 3) or their SS accuracy was below 39% (a level reflecting worse performance than expected by chance with ␣ ϭ .01, n ϭ 9), leaving a sample of 66 participants in the final analyses.
Psychophysiology
Electroencephelogram (EEG) was recorded at 2000 Hz using the standard 10 -20 system with a Neuroscan SynAmps 2 64 channel Ag-AgCl Quik-Cap and a 0.05-to 500-Hz online bandpass filter. Data were analyzed after applying an offline 20-Hz lowpass filter and excluding epochs with EEG activity greater than |100| V. ERN peak was defined as the maximum negative voltage from 0 ms to 100 ms postresponse in relation to a preresponse baseline of Ϫ200 ms to Ϫ50 ms at FZ. N1 peak was defined as the maximum negative voltage from 50 ms to 200 ms following SS onset in relation to a prestimulus baseline of Ϫ200 ms to Ϫ1 ms at FZ. FZ was used because both the N1 and ERN were maximal at this site (see Figures S1 and S2; Hajcak & Simons, 2008; Hajcak, Moser, Yeung, & Simons, 2005) .
Procedure
After informed consent, participants again completed the MPQ in addition to other questionnaires while electrodes were attached. The MPQ was administered in the lab to ensure stability of scores between administrations. FD and IA scores estimated from the laboratory administration of the MPQ are used in all analyses (see Table S1 for test-retest reliability). After the questionnaires, participants completed four tasks, one of which was the task described in this report. A public-speaking task was always presented first, followed by the remaining three tasks in counterbalanced order.
The task consisted of 600 trials (25 blocks of 24 trials) on which participants were presented with a string of white text in the center of a black screen and asked to indicate whether the text was a word (75%) or nonword (25%) by pressing the W key (with the left index finger) or N key (right index finger), respectively. The words used varied by valence and included pleasant, neutral, and aversive words in equal numbers. Nonwords were formed by replacing one vowel in each word. The text was presented for 1500 ms, followed by a fixation cross for 500 ms. Responses were allowed during both the text and fixation (2000 ms total). Participants were instructed to respond as quickly as possible while still being accurate. Additionally, participants were instructed between blocks to speed up or slow down their responses if their SS accuracy was greater than 60% or less than 40%, respectively.
On 20% of trials, an auditory SS was presented between 0 ms and 1000 ms after word onset. Participants were instructed to withhold their response if they heard this tone. SS delay varied dynamically across the experiment to achieve an overall SS accuracy of 50% such that the SS delay decreased 50 ms after a failure to inhibit and increased 50 ms after a successful inhibition.
A posttask questionnaire assessed participants' engagement in the task. Four questions assessed overall engagement, effort to make correct LD, effort to inhibit responses following a SS, and perceived importance of the task on a 1 (not at all) to 9 (most possible) Likert scale. The study took approximately 3 hr, and participants received $50.00 as compensation. All procedures were approved by the Vanderbilt University IRB.
Results

Behavioral
To examine the relationship between the two factors of psychopathy and task performance, we computed correlations among participants' FD and IA scores, RT, LD accuracy, SS inhibition accuracy, SS delay, and SSRT. Means and standard deviations for these measures can be seen in Table 1 . The complexity of the LD portion of the task resulted in longer RTs than typically reported. However, values for SSRT were not significantly different than those reported by Wodushek and Neumann (2003) in a sample of adults with ADHD (see Online Supplemental Materials), indicating that the task used here accurately indexed the stop process. IA showed significant relationships with LD accuracy, SS accuracy, SS delay, and SSRT (see Table 2 ). The relationship between IA and these measures showed a similar pattern across word valences (see Table S2 ) and were not a result of the trend toward faster RTs. Consistent with previous research (Avila & Parcet, 2001; Howland et al., 1993; Roussy & Toupin, 2000) , these results suggest a generally impulsive response style for those high in IA rather than a specific deficit related to a particular part of the task. The significantly longer SSRTs indicate that for these individuals, the stopping process needs more of a head start to successfully inhibit the response (Logan et al., 1997) . No significant correlations were found for FD.
ERPs
Also shown in Table 2 , IA correlated with shallower ERN peak amplitude following incorrect LD, correct LD, and SS inhibition errors, indicating reduced outcome monitoring. The associated waveforms can be seen in Figure 1 . IA also correlated with shallower N1 peak amplitude following all SS, indicating reduced processing of the SS. The associated waveforms are displayed in 
Participant Engagement
Participants' overall engagement and level of effort on the LD portion of the task were correlated with IA at a trend level (see Table S4 ). Therefore, these engagement responses were entered as control variables in partial correlations among FD, IA, and the behavioral and ERP measures to determine whether engagement influenced these relationships. As shown in Table 2 , after controlling for overall engagement and LD effort, all relationships between IA and ERP magnitudes remained significant. IA also remained significantly related to all behavioral measures except for LD accuracy, which became nonsignificant (p ϭ .13). Con-2 A similar pattern of results was found with the 12 participants with poor LD or SS accuracy included. Likewise, the pattern of results was essentially identical after controlling for alcohol and drug use symptomatology as assessed by the Alcohol Dependence Scale (Horn & Skinner, 1984) and the Short Drug Abuse Screening Test (Skinner, 1982) . Similar relationships among IA, behavioral measures, and ERPs were also seen when separated by gender (see Online Supplemental Materials for details). IA was not significantly correlated with level of education, household income, or employment status. trolling for engagement did not appreciably change the relationships between FD and any of the ERP or behavioral measures.
Mediation of ERN Deficits by N1
To examine whether deficient processing of the stop signal in IA mediated the deficits in outcome monitoring in IA, bootstrapped mediation analyses (Preacher & Hayes, 2008) were performed. In these three analyses, N1 amplitude to the SS was entered as a mediator of the IA ¡ ERN relationship for each of the three ERN amplitudes. As shown in the left half of Table 3 , participants' SS N1 amplitude significantly mediated the effects of IA on ERN following correct LD, incorrect LD, and SS errors.
However, because ERN amplitudes following each type of response were all significantly correlated (rs Ͼ .32, ps Ͻ .01), it was unclear whether the response to one condition drove the relationships between IA and the other conditions. Therefore, separate regressions were conducted with each ERN as the dependent variable and the other two as predictors. The unstandardized residuals were saved from these analyses as a measure of the unique variance in each ERN not accounted for by the other two (see Tables S5 and S6 for details). These residuals were then subjected to the same mediation analyses, which revealed that N1 amplitude only mediated the relationship between IA and the unique variance in the ERN following SS errors (displayed in the right half of Table 3 ). This indicates a specific relationship between SS processing and subsequent processing of SS inhibition errors that is deficient in IA.
Because of this specific relationship between IA and processes related to the SS, the same bootstrapped mediation analyses were conducted on the relationship between IA and each behavioral measure, separately controlling for N1 amplitude to the SS and ERN following SS errors. Table 4 shows that N1 and ERN amplitude significantly mediated the relationship between IA and both SSD and SSRT. This result, together with the significant mediation of the relationship between IA and SS ERN by N1, indicates that deficits in initial SS processing in IA may be the first step in a deficient response modulation process that includes both reduced behavioral inhibition and subsequent error processing.
Discussion
Consistent with the impulsivity and low constraint that are features of IA, individuals high in IA showed an impulsive style of responding and reduced performance on a lexical decision stop signal task as reflected by reduced LD and SS inhibition accuracy, shorter SS delays, and longer SSRTs. Also consistent with previous research involving externalizing disorders and error-related Note. IA ϭ impulsive antisociality; ERN ϭ error-related negativity; LD ϭ lexical decision; SS ϭ stop signal; CI ϭ confidence interval.
brain activity (Hall et al., 2007) , those high in IA showed reduced ERN amplitude across correct and incorrect trials, suggesting that IA is associated with reduced outcome monitoring generally as well as reduced error processing in particular. IA was also associated with significantly reduced N1 amplitude following SS, indicating a failure to fully process the SS. As expected given the RMH, participants' N1 amplitude significantly mediated the relationship between IA and ERN. Specifically, N1 amplitude mediated the relationship between IA and the unique variance associated with the ERN following SS inhibition errors. This suggests that, broadly speaking, deficits in the processing of SS inhibition errors can be explained by the extent to which there is a deficit in SS processing. Although these results do not confirm that N1 deficits cause deficits in error processing, the temporal sequence of these processes suggests that reduced processing of the SS is at least partially responsible for reduced processing of subsequent SS related errors.
Contrary to findings of Leotti and Wager (2010) , participant effort and engagement did not correlate with any measure of stop signal performance. Additionally, although participants' overall level of engagement and LD effort were related to LD performance and the processing of SS errors, engagement did not explain the relationships between IA and SS or error processing. Thus, the impulsive response style, deficits in processing of peripheral cues, and deficits in error monitoring seen in IA are independent of their effort as currently measured (see Online Supplemental Materials for a full discussion of engagement).
As a whole, these results provide direct evidence for response modulation deficits in IA. The finding that participants' N1 amplitude significantly mediated the relationship between IA and behavioral measures as well as IA and ERN also provides information about the temporal sequence of events involved in the stopping process more generally by showing that individuals who do not process the need to change their behavior are then less likely to inhibit their response and fully process subsequent inhibition errors.
The lack of findings related to FD in this task, particularly those related to the valence of the word presented, is somewhat surprising. However, this is likely due to the composition of the task, because it was primarily designed to assess deficits in stopping behavior. Because the valence of the word was not salient in this task, participants may not have attended to the differences among words' valences. Other paradigms with direct relevance to defensive processing might be needed to demonstrate RMH-predicted deficits in FD (Benning & Malone, 2010) .
Although the findings of this study are consistent with the response modulation hypothesis of psychopathy, they also bear replication in other disinhibited populations, such as individuals with ADHD. IA may be indexing a more general propensity for impulsive behavior such that the deficits seen here may not be specific to psychopathy. Furthermore, because our sample had IA scores that were higher than those found in the population as a whole, our results should be replicated in a broader community sample.
Future research should also attempt to assess the specificity of the RMH by ruling out the possibility of a general reduction in processing auditory or other irrelevant stimuli in the midst of a dominant visual task. In the current task, participants were required to stop following all tones, and therefore this possibility cannot be ruled out. To fully explore this possibility, one should use a selective stop signal task in which two tones are presented, one which signals the need to stop and the other which is to be ignored. Additionally, the relationship between the deficits in stimulus and error processing seen here and previously reported executive functioning deficits in psychopathy (Ross, Benning, & Adams, 2007 ) should be investigated. Although level of education was not related to IA in the current study, deficits in executive function or IQ, as they relate to the other deficits reported here, should be assessed.
Finally, the self-report assessment of engagement in this study was relatively brief. Future studies may benefit from more variegated measures of engagement. However, the relationships among engagement, psychopathy, and behavioral measures were generally as expected, indicating that this measure provided a reasonable assessment of participants' true level of effort.
In conclusion, the findings presented here show that deficits in the recognition of stopping errors are preferentially associated with IA and that these deficits are associated with reduced processing of peripheral cues, which signal the need to change a behavior. Specifically, as expected on the basis of the RMH, deficits in the processing of peripheral cues signaling the need to change a dominant response mediate deficits in subsequent behavioral inhibition and error processing. Note. IA ϭ impulsive antisociality; ERN ϭ error-related negativity; LD ϭ lexical decision; SS ϭ stop signal; SSRT ϭ stop signal reaction time; C.I. ϭ confidence interval.
